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ABSTRACT
Background: Hip flexor tightness is theorized to alter antagonist muscle function through reciprocal inhibition and synergistic 
dominance mechanisms. Synergistic dominance may result in altered movement patterns and increased risk of lower extremity 
injury.

Hypothesis/Purpose: To compare hip extensor muscle activation, internal hip and knee extension moments during double-leg 
squatting, and gluteus maximus strength in those with and without clinically restricted hip flexor muscle length.

Design: Causal-comparative cross-sectional laboratory study.

Method: Using a modified Thomas Test, female soccer athletes were assigned to a restricted (>0° of sagittal plane hip motion 
above the horizontal; n=20, age=19.9 ±1 years, ht=167.1 ±6.4 cm, mass=64.7 ±8.2kg) or normal (>15° of sagittal plane hip 
motion below horizontal; n=20, age=19.4 ±1 years, ht=167.2 ±5.5 cm, mass=61.2 ±8.6 kg) hip flexor muscle length group. 
Surface electromyographic (sEMG) activity of the gluteus maximus and biceps femoris, and net internal hip and knee extension 
moments were measured between groups during a double-leg squat. Isometric gluteus maximus strength was assessed using 
handheld dynamometry.

Results: Individuals with restricted hip flexor muscle length demonstrated less gluteus maximus activation (p=0.008) and a lower 
gluteus maximus : biceps femoris co-activation ratio (p=0.004). There were no significant differences (p>0.05) in hip or knee 
extension moments, isometric gluteus maximus strength, or biceps femoris activation between groups.

Conclusions: Female soccer athletes with hip flexor muscle tightness exhibit less gluteus maximus activation and lower gluteus 
maximus : biceps femoris co-activation while producing similar net hip and knee extension moments. Thus, individuals with hip 
flexor muscle tightness appear to utilize different neuromuscular strategies to control lower extremity motion. 

Level of Evidence: 3
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INTRODUCTION:
Lower extremity injuries represent a significant bur-
den in sports and physical activity, contributing to a 
majority of time loss from participation and disabil-
ity.1-7 Furthermore, lower extremity injuries contrib-
ute to decreased athletic performance and overall 
team success.8 However, a majority of lower extrem-
ity and lumbo-pelvic-hip complex injuries, includ-
ing hamstring injury,7 groin injury,9 ankle sprains,10 
anterior cruciate ligament rupture,11-14 and low back 
pain,15,16 have been shown to be preventable and are 
attributable to modifiable biomechanical risk fac-
tors.17 Restricted hip flexor muscle length or “tight-
ness” assessed via hip extension range of motion 
(ROM)18 has been identified as a risk factor for vari-
ous lower extremity musculoskeletal injuries,15,16,19-23 
and thus should be examined further as a modifiable 
factor linked to sport-related injury.

Furthermore, restricted hip flexor muscle length is 
theorized to decrease neural drive to the hip exten-
sor musculature. Specifically, reciprocal inhibition 
of the gluteus maximus, secondary to “overactivity” 
of the hip flexor muscle group has been implicated to 
occur and lead to lower extremity injury.24-27 Recip-
rocal inhibition is theorized to lead to an increased 
reliance on the secondary hip extensor muscles, 
such as the hamstrings and hip adductors to produce 
hip extension torque,28 clinically referred to as “syn-
ergistic dominance”.29 Dependency on secondary 
hip extensors may provoke greater tissue stress in 
the hamstring and hip adductor musculature, thus 
resulting in a higher risk of soft tissue injury.30-32 
However there is a dearth of literature that vali-
dates clinical theory of restricted hip flexor muscle 
length as an underlying factor inciting altered lower 
extremity neuromuscular control.

Therefore, the purpose of this study was to com-
pare lower extremity strength, muscle activation 
and biomechanics between individuals with and 
without limited hip flexor muscle length. The pri-
mary hypothesis of this study was that individuals 
with restricted hip flexor length would exhibit less 
hip extension strength, greater internal knee exten-
sion moment, and lesser internal hip extension 
moment compared to individuals with normal hip 
flexor length during the descent phase of a double-
leg squat (DLS). The secondary hypothesis of this 

investigation was that individuals with restricted hip 
flexor length would also display depressed gluteus 
maximus activation and elevated biceps femoris 
activation compared to those with normal hip flexor 
length during the descent phase of a DLS.

METHODS

Participants
The investigators conducted a causal-comparative 
study involving forty female soccer athletes who 
demonstrated “restricted” (n=20) or “normal” (n=20) 
hip flexor length. All participants, regardless of group 
assignment, played soccer at the NCAA Division I var-
sity or the highest the competitive intercollege club 
level for one hour or more at least twice a week, had 
no history of lower extremity, spine, abdominal, ves-
tibular, or mild traumatic brain injury in the last three 
months that limited them from sport of physical activ-
ity participation for greater than three consecutive 
days. A priori power analyses revealed that 20 partici-
pants per group would result in an estimated power 
of 0.80 to observe significant differences of at least 
20% in muscle activity, biomechanics, and strength 
between the normal and restricted groups.33-35

Hip extension ROM of the dominant limb was 
assessed by the lead investigator (MM), a certi-
fied athletic trainer, using the modified Thomas 
test assessed using a digital inclinometer (Model# 
12-1057, Fabrication Enterprises Inc. - Baseline Eval-
uation Instruments, White Plains, New York) aligned 
parallel to a line connecting the anterior superior 
iliac spine and the superior pole of the patella (Fig-
ure 1).18,36-38 Pilot testing revealed excellent intra-
rater reliability (ICC(3,k)=0.99) with a low standard 
error of measure (SEM=0.85º). The dominant leg 
was defined as the leg the participant would use to 
kick as soccer the ball furthest. Previous research 
has demonstrated this method of hip extension 
ROM assessment to have good inter-rater reliability 
(ICC(2,1)= 0.89–0.92 & SEM= 3-2.1º).36-38

Inclinometer values greater than 0° (+) indicate 
that the thigh was positioned above the horizontal 
and relatively flexed (Figure 1a).18 Inclinometer val-
ues below 0° (-) indicate that the thigh was below 
the horizontal and relatively extended (Figure 1b).18 
Inclusion criteria for the normal group was defined 
as hip extension ROM >15° below the horizontal. 
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Inclusion criteria for the restricted group was defined 
as hip extension ROM >0° above the horizontal.

Experimental Procedures
Before participation, all study procedures were 
explained to each subject, and informed consent was 
obtained as approved by the Institutional Review 
Board at The University of North Carolina at Chapel 
Hill. Participants’ height (cm) and mass (kg) were 
recorded using a digital scale and stadiometer. Prior 
to testing, participants completed a warm-up on a 
stationary cycle ergometer at a self-selected pace for 
five minutes at a rate of perceived exertion of 5/10.

Maximal Volitional Isometric Contraction 
Assessment
A surface electromyography (sEMG) system (Delsys 
Bangloni 8, Inc., Boston, Massachusetts,): inter-elec-
trode distance =10 mm; amplification factor =1,000 
(20–450 Hz); CMMR @60 Hz >80 dB; input imped-
ance >1015//0.2 W//pF) was used to record activity 
as sampled at 1,000 Hz from the gluteus maximus 
and biceps femoris of the dominant limb during 
maximal volitional contractions (MVIC). Electrodes 
for the biceps femoris were placed approximately 
1/3rd the distance between the ischial tuberosity 
and lateral popliteal crease, while those for the glu-
teus maximus were placed approximately 1/3rd the 
distance between the second sacral vertebrae and 
the greater trochanter.39 A reference electrode was 

placed at the tibial tuberosity on the dominant leg.

Dominant limb peak isometric force and sEMG mea-
sures were concurrently collected for the gluteus 
maximus with the knee flexed 90º (Figure 2a) by 
the lead investigator (MM). Hip extension strength 
data were obtained via a handheld digital dyna-
mometer (Lafayette Manual Muscle Tester, Model 
#01163, Lafayette, Indiana). Isometric hip extension 
strength pilot testing revealed excellent intra-rater 
reliability (ICC(3,k)=0.98) and a low standard error 
of the measure (SEM=0.48 N). Isometric force (N) 
and sEMG activity were collected for five seconds 
for each of three trials. For the biceps femoris, par-
ticipants maximally flexed their knee against the 
investigator-applied force to the posterior shank at 
the level of the medial and lateral malleoli (Figure 
2b). sEMG data were collected for five seconds for 
each of three trials.

Biomechanical Assessment Preparation & 
Assessment
A TrackStar (Ascension Technologies Inc. Burling-
ton, Vermont, USA) electromagnetic motion analy-
sis system controlled by The Motion Monitor v8.0 
software (Innovative Sports Training Inc. Chicago, 
Illinois, USA) was used to sample hip and knee 
kinematic data at 100 Hz during the DLS. Electro-
magnetic sensors were secured to the participant’s 
dominant limb shank and thigh, and the apex of the 

Figure 1. Modifi ed Thomas Test assessment of hip extension ROM to assess hip fl exor muscle length; (1a.) – restricted >0º above 
the horizontal, (1b.) – normal >15º below the horizontal.
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sacrum. Medial femoral epicondyle, lateral femoral 
epicondyle, medial malleolus, lateral malleolus, left 
anterior superior iliac spine, right anterior superior 
iliac spine bony landmarks were digitized using a 
15 cm stylus attached to an electromagnetic sensor. 
The knee and ankle joint centers were defined as 
the centroids between the medial and lateral fem-
oral condyles and medial and lateral malleoli. The 
Bell method was used to approximate the hip joint 
center.40 A non-conductive force plate (Bertec 4060-
NC, Columbus, Ohio, USA) sampled center of pres-
sure and ground reaction force data at 1,000 Hz. 

A right-handed global coordinate system was defined 
for all segments (+x-axis= anterior direction, 
+y-axis= leftward direction and +z-axis= superior 
direction). Sagittal plane joint motion was defined as 
the motion of the distal segment relative to the proxi-
mal segment using a Cardan angle rotation sequence 
with the first rotation about the y-axis of the joint.41

Muscle activation, kinematic, and kinetic data were 
collected during the descent phase of the DLS to 
simulate hip and knee flexion deceleration neuro-
muscular control during sport participation. Sub-
jects performed the five DLS repetitions barefoot 
with their feet shoulder width apart, toes pointed 
straight ahead, and arms extended over-head. Squat 
velocity was controlled via a metronome (60 beats 
per minute).32 Participants achieved at least 60º 

of knee flexion confirmed with a goniometer and 
motion capture knee kinematics.32 Participants were 
instructed to descend for two beats, ascend for two 
beats, and then pause for one beat between squats 
and then repeat. Prior to assessment, participants 
were required to perform between five and seven 
consecutive practice trials of squatting at the appro-
priate depth and cadence for familiarization.

Data Reduction
Peak isometric force (N) for each gluteus maximus 
MVIC trial was averaged across the three testing tri-
als and normalized to the participant’s body weight 
(×BW). 

Raw sEMG data were exported into a custom MatLab 
v2012a program (MathWorks, Natick, Massachusetts, 
USA.) and then passively demeaned, band-pass (10-
350 Hz) and notch filtered (59.5-60.5 Hz - 4th order 
Butterworth digital filter), and smoothed using a 25 
ms root mean squared sliding window. sEMG data 
were normalized as a percentage of MVIC (%MVIC).

Mean sEMG amplitudes were calculated during the 
descending phase of each trial of the DLS, defined 
as the period from initiation of knee flexion until 
peak knee flexion. Muscle co-activation ratios were 
calculated during the descending phase for gluteus 
maximus and biceps femoris muscle activation by 
dividing the mean gluteus maximus activity by the 

Figure 2. (2a.) – Gluteus maximus MVIC & strength assessment, (2b.) – Biceps femoris MVIC assessment.
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mean biceps femoris activity (gluteus maximus : 
biceps femoris). A ratio of 1.0 indicates balanced 
muscular activation; ratios less than 1.0 indicate 
greater activation of biceps femoris relative to the 
gluteus maximus.

All kinematic data were low-pass filtered at 10 Hz 
(4th order low-pass Butterworth digital filter). Kine-
matic and kinetic data were combined via an inverse 
dynamics solution to yield net internal hip and knee 
extension moments (Nm). Peak moments were 
identified during the descending phase of each squat 
trial, normalized to the product of the body weight 
and height (BW×Ht), and averaged across trials. 
Internal hip and knee extension moment data are 
reported as positive values for ease of interpretation.

STATISTICAL ANALYSES
Separate independent samples t-tests were per-
formed to compare hip extension ROM, gluteus 
maximus strength, gluteus maximus activation, 
biceps femoris activation, gluteus maximums : 
biceps femoris co-activation ratio, and peak hip and 
knee extension moments between the restricted and 
normal groups (α=0.05).

Statistical outliers were defined as variables with val-
ues more than three standard deviations from the 
group means. Examination of sEMG data identified 
outliers in biceps femoris (n=8) and gluteus max-
imus (n=5) sEMG data. The total number of sub-
jects utilized in analyses of sEMG data is presented 
in Table 1. No statistical outliers were identified for 
internal moment or strength data.

RESULTS:

Inclusion Criteria Verifi cation 
There was a significant difference in hip extension 
ROM p <0.001, d =2.18) between the restricted 
(12.85° ±5.05) and normal (-19.52° ±9.19°) groups, 

with no significant group differences in age, height, 
or mass (Restricted: age=19.9 ±1 years, ht=167.1 
±6.4 cm, mass=64.7 ±8.2kg, Normal: age=19.4 
±1 years, ht=167.2 ±5.5 cm, mass=61.2 ±8.6 kg, 
p >0.05).

Muscle Activation
Descriptive statistics, p-values, and effect sizes are 
presented for all DLS muscle activation data in Table 
1. The restricted group demonstrated significantly 
less average gluteus maximus activation compared 
to the normal group during the descent phase of the 
DLS (60% less relative activation). The restricted 
group also displayed a significantly lower gluteus 
maximus : biceps femoris co-activation ratio than 
the normal group, indicating 2.6 times more biceps 
femoris activation relative to gluteus maximus activ-
ity in the restricted compared to the control group. 
However, biceps femoris EMG amplitude normal-
ized to MVIC did not differ between groups

Muscle Strength & Joint Moments
There were no significant differences between 
the restricted and normal groups in hip extension 
strength or internal hip and knee extension moments 
during the DLS. Descriptive statistics, p-values, and 
effect sizes for these data are presented in Table 2.

DISCUSSION
This is the first study to compare gluteal muscle 
strength, primary hip extensor muscle activation, 
and lower extremity biomechanics between individ-
uals with restricted and normal hip flexor muscle 
length during a controlled functional movement. 
The current findings revealed that muscle activation 
amplitude of the gluteus maximus was significantly 
less in the restricted group compared to the normal 
group, resulting in a significantly lower gluteus max-
imus : biceps femoris co-activation ratio. However, 

Table 1. Muscle activations (%MVIC) during the descent phase of a double-leg squat



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 951

amplitude was more than 2 times greater than the 
biceps femoris. In contrast, the restricted group 
demonstrated a gluteus maximus : biceps femo-
ris co-activation ratio of 0.88, indicating relatively 
greater activity of the biceps femoris. These findings 
suggest that individuals with restricted hip flexor 
length achieve comparable hip extension moments 
via a decreased activation of the primary hip exten-
sor muscle (gluteus maximus) and relatively greater 
activation of the secondary or synergistic hip exten-
sor muscles (biceps femoris) compared to individu-
als with normal hip flexor length.

Hip extension strength did not differ between 
the restricted and normal groups. Gluteal muscle 
strength has been observed to influence activation 
of the gluteal musculature, as weaker individuals 
display greater muscle activation compared to stron-
ger individuals during the same standardized task.44 
Since muscle strength was similar, it is possible the 
differences in muscle activation were primarily due 
to differences in hip flexor muscle length between 
groups. Hip flexor muscle tightness may facilitate 
reciprocal inhibition and / or an abnormal resting 
muscle length of the gluteus maximus musculature 
underlying the observed lower gluteus maximus : 
biceps femoris co-activation ratio in the restricted 
group.

The current findings indicate that limited hip flexor 
muscle length does not directly alter internal hip and 
knee extension moments. However, the observed 
muscle activation strategy in individuals with lim-
ited hip flexor muscle length suggests that these 
individuals exhibit relatively greater reliance on 
hamstrings musculature versus gluteus maximus to 
eccentrically control hip flexion during a controlled 
functional movement. The requirement for greater 
hamstrings muscle co-activation may impart greater 
stress on the hamstrings, thus clinicians should be 

there was no difference in biceps femoris muscle 
activation amplitude, gluteus maximus strength, or 
internal hip and knee extension moments between 
groups. These findings support the hypothesis that 
gluteus maximus activation is affected by hip flexor 
muscle length. Furthermore, these findings impli-
cate that individuals with restricted hip flexor length 
may use less muscle activation of the gluteus maxi-
mus and greater relative activation of the hamstrings 
to achieve the same net hip extension moment pro-
file as those with normal hip flexor muscle length.

The restricted group had a relative difference of 60% 
less gluteus maximus activation compared to the 
normal group during the descending phase of the 
squat. The gluteus maximus is the primary muscle 
to eccentrically control hip flexion motion by gener-
ating an internal hip extension moment.28,42 Given 
the function of the gluteus maximus and the rela-
tively large decrease in activity of this muscle, the 
investigators expected to observe smaller internal 
hip extension and a compensatory knee extension 
strategy43 resulting in a greater internal knee exten-
sion moment in the restricted group. However, there 
was no difference in hip or knee extension moments 
between groups. Thus, the groups achieved the same 
net hip extension moment during the descent phase 
of the squat, but through different muscle activation 
strategies.

While not significantly different, the restricted 
group exhibited 15% greater relative biceps femo-
ris activation compared to the normal group. The 
combination of decreased gluteus maximus activa-
tion (60%, p <0.05) and increased biceps femoris 
(15%, p >0.05) activation resulted in a significantly 
smaller relative gluteus maximus : biceps femoris 
co-activation ratio between groups. Those with nor-
mal hip flexor length displayed a co-activation ratio 
of 2.30, indicating their gluteus maximus activation 

Table 2. Net normalized internal hip & knee extension moments (Nm/NBW/mHT ) during the descent phase of a double-leg 
squat, & isometric gluteus maximus strength (N/NBW)
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controlled motion to identify the effects of a specific 
ROM limitation on lower extremity hip and knee 
neuromuscular control.

It should also be noted that muscle strength was 
assessed via a maximal voluntary isometric contrac-
tion, yet the hip extensor musculature often func-
tions in both a concentric and eccentric manner 
during more demanding functional tasks. Further-
more, the study methodology evaluated hip exten-
sion strength of the gluteal muscle mass, and did not 
isolate hamstring muscle strength. Thus the com-
parison of clinical hip extension strength between 
groups is primarily focused on gluteal strength. 
Collectively, it is unclear if the strength measures, 
though clinically relevant, adequately reflect the 
functional demands of the hip extensors. Finally, 
this study’s methodology did not assess the acti-
vation of the primary hip flexor muscles, iliacus, 
and psoas major. Thus, it is not possible to deter-
mine if there was truly greater activation of the hip 
flexor muscles, which may have produced recipro-
cal inhibition of the gluteus maximus muscle in the 
restricted group. Future research should consider 
these limitations.21,47,48

CONCLUSIONS 
In conclusion, individuals with restricted hip flexor 
length displayed hip and knee extension moments 
similar to those with normal muscle length, but 
they achieved these moments with decreased glu-
teus maximus activation and greater relative ham-
strings co-activation (reduced gluteus maximus : 
hamstrings co-activation ratio). This decrease in glu-
teus maximus activation may be due to reciprocal 
inhibition of the gluteus maximus, which resulted in 
compensatory greater levels of relative hamstrings 
co-activation to achieve the same internal hip exten-
sion moment. These findings suggest that hip flexor 
muscle tightness may be an important factor to con-
sider in hamstring and ACL injury prevention pro-
gram s. The findings of this study provide rationale 
for clinicians to consider implementing a treatment 
paradigm aimed at increasing hip extension range of 
motion and gluteal muscle strength.49 Achieving or 
maintaining normal hip flexor muscle length may 
decrease the potential for an inhibitory effect of 
the shortened hip flexors on gluteal neuromuscular 
control. 

aware of a potential for increased risk of a hamstring 
muscle strain injury in those with hip flexor muscle 
tightness, characteristic of biomechanical overload 
of muscle tissue.30 In addition, greater hamstring 
muscle co-activation may make those with hip flexor 
muscle tightness more susceptible to hamstring 
muscle fatigue during sport.

The hamstrings are the primary muscle group 
responsible for controlling anterior tibial transla-
tion and shear forces, thus protecting the ante-
rior cruciate ligament.45 Fatigue of the hamstring 
muscles may allow for increased ACL loading and 
injury in those with hip flexor muscle tightness. 
Collectively, these results implicate that individu-
als with hip flexor muscle tightness may be at risk 
for injury to the hamstrings and / or ACL. As such, 
increasing activation of the gluteus maximus may 
reduce synergistic dominance of the hamstrings, 
thereby reducing the risks of future hamstrings or 
ACL injury. Furthermore, increasing hip extension 
ROM through manual therapies and stretching para-
digms aimed at increasing hip flexor muscle length 
may increase activation of the gluteus maximus, 
and reduce the requirement for greater hamstring 
co-activation.7,24 Additionally, greater activation of 
the gluteal musculature during functional tasks may 
have a protective effect against hip internal rotation 
and hip adduction, readily identifiable components 
of dynamic medial knee collapse observed during 
noncontact ACL injury events.46 Thus, clinicians 
should consider prescribing gluteal muscle strength-
ening exercises for individuals with restricted hip 
flexor muscle length in efforts to achieve greater 
activation of the gluteal musculature.49

This study was not without limitations. The sample 
included healthy, physically active female soccer 
athletes between the ages of 18 to 35 years, thus it is 
not clear if these findings are generalizable to other 
populations. In addition, data analysis was limited 
to the descent phase of a DLS. The lower extremity 
movements during the descent phase of a DLS are 
similar to deceleration motions during other more 
demanding and functional tasks associated with 
injury events. However, it is unclear if the findings 
are transferrable to other tasks. Yet, the DLS exem-
plifies a task that is a compromise between repre-
sentative motion during athletic tasks and an easily 
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